Abstract-For a long time, people have been trying to find ways that would lead to more effective teaching. Simultaneously, study and teaching supports have been developing. Current information technology, electronics and microprocessor technology have brought completely new possibilities into creation of study supports. They also allowed a new way of study supports creation and their direct connection with external systems. It is basically about the transition from static to dynamic creation of study supports. Also, the possibility of direct connection of study supports with external systems enables all that was impossible up to now, such as creation of study supports for a target group and the ability to monitor and manage students' practical activities or responses to these practical activities and modify study supports according to students' results. This is the prerequisite for the creation of study supports with internal intelligence. This paper summarizes the results of a research which has been conducted at our department for several years.
INTRODUCTION
Let us have a look at what led to the design concept of dynamic study supports. It was great expansion of ICT technologies and programs for creating multimedia study supports that allowed their creation to be easy and with no need to use special software. Nowadays, programs suitable for the creation of study supports are user friendly and most of them are commonly used. This allows the authors to create their own study supports directly. Increase in the quality and amount of study supports is the key requirement nowadays.
The basic requirements on authors and study supports are following: top quality supports, the maximal adjustment to the target group and maximal development of author's creativity. In my opinion, it is extremely important to give authors/teachers maximal flexibility in their didactic approach and to allow them certain originality.
If two teachers teach the same subject matter, teaching is never quite the same. Similarly, if the teacher teaches the same subject matter in different groups of students, again, teaching is not the same. There is a teacher, his/her experience, level of expertise, ability to attract students and the way of explanation that has an impact on teaching. Also, there are students, their specialization, interests and many other factors.
Teacher should have the opportunity to flexibly adjust study supports to the target group as well as to current needs and his/her way of teaching.
The present study supports are created in large measure, in programmers' way of speaking, as static. An author creates the support, publishes it in print or electronic form. This form is then available to students. A modification of the content or structure is therefore expensive and time-consuming.
Practical activities, measurements, intensification of skills, working with models or management of more complex systems take places mainly in educational institutions and their laboratories. It is directed by teachers and teachers also control the students. Measuring systems are not directly connected with study supports or LMS systems.
For self-study and preparation of students for laboratory exercises, there are practical activities that often use videos, animations, simulations, etc. However, these activities are not able to replace practical work and experience. The British Open University, in their courses, [1] lends some measuring instruments and systems to students if it is financially possible. This allows students to practice the necessary skills, to make practical measurements, etc. In our conditions this is practically impossible with regard to price and availability of such systems.
II. DYNAMIC STUDY SUPPORTS
At first, let us focus on the creation of dynamic study supports, the procedure of which is similar to the creation of dynamic web pages. Dynamic web pages are based on individual images, animations, texts, etc. These are modules that a website loads upon request.
For an easy understanding of the dynamic study supports, the procedures of their creation will be described.
A well-prepared study support is the basis. This support is first split into its component fragments (blocks) including the topics, problems and their explanations, explaining and motivating animations, simulations, audio, thematic tasks, examples, etc. These may be Flash animations, interactive teaching animations, study supports connected with external systems (will be discussed later), videos, HTML, TXT or PDF files. It is important for longer texts to be divided into smaller parts to avoid scrolling the text. For all the blocks the printed form is needed so that a student could print out this study support or just its part.
It is possible to create study supports from these blocks. For the creation of a support, a list that defines the 978-1-4673-5122-5/12/$31.00 ©2012 IEEE sequence of units in the support is used (XML file). The study support itself consists of presenter that presents the support according to the list. We developed a presenter called MyIMLE (My Interactive Multimedia Learning Equipment) that provides much more than just presenting a dynamic study support. In this paper, however, it will not be dealt with in more detail.
Only by changing the XML file, the teacher can very easily modify the study support for a specific group of students or according to the way of teaching. The teacher can also insert other necessary parts if some students' deficiencies are found.
If a teacher needs to use certain parts of a support, such as motivational lecture or nonfiction text for students and pupils of the lower grades, it is possible to easily create the necessary mutations of a support by creating another set-up file.
A presenter of a support and its control needs to be simple and illustrative so that students can easily control it. The presenter can ensure, for example, that students are forced to go through a study support according to a predetermined procedure -study mode. After, it enables browsing through the contents and terms index, etc. so that students can easily move through the materials and seek the necessary information or revise their knowledge.
Possibility of creation and use of dynamic study supports was tested at a grammar school in the Moravský Krumlov. A simple presentation programme and a dynamic study support for the teaching of biology "Encyclopedia of Birds" that was created by Mgr. Jana Tesa ová in her thesis within the study of Information Science.
For two years, a presentation system has being created and modified by a team of Doc. Ing. ubica Stuchlíková, Ph.D. at Slovak University of Technology in Bratislava, Faculty of Electrical Engineering and Information Technology, Institute of Electronics and Photonics.
III. EXTERNAL SYSTEMS DIRECTLY CONNECTED WITH STUDY SUPPORT
The implementation of an external system to the study support brings several important advantages.
• It allows the study support to control the behaviour of the external system. If a student works with the external system, the study support can control the actions of the student. It can control the progress of the student and if the student performs some measuring, the study support can verify the measured values. If the task of the student is to calculate some new values, the teacher can control the measured values and then easily check the calculated values. The study support can pass all the information to the teacher over a computer network or in a file that the student hands in together with the completed task.
• It allows the study support to control the external system. The study support can thus demonstrate the study matter on the external system. The study support can guide the student through the process of measuring and it can set up the external system and then the student performs measuring using the given values.
• The mutual communication between the study support and the external system offers the possibility of controlling either the external system from the study support, or controlling the study support from the external system. The study support can control the external system based on the current state of the system, and the external system can control the study support based on the current state of the study support.
• The implementation of external systems can forbid the student to continue in studying, if he hasn't completed all the activities that he was supposed to do in his study. Based on the results of examining the possibilities of connecting external systems to study supports and to various applications created in Flash, and running in different environments, an EXE software module has been developed, over which external systems can be connected.
Everything has been designed with a demand on a low cost of theconnection system, easy construction of external systems and easy creation of Flash applications cooperating with external systems.
Over this module, external systems connected to a client computer and Flash applications running in various environments can be interconnected. There are, for example, Flash applications that run in interactive whiteboards environments, desktop Flash applications, Flash applications running on a server or a local computer, but also Flash applications running in Moodle. Flash applications may be also implemented into MS Word or PowerPoint by Visual Basic, for example.
Another solution for desktop applications or the presentation programme is to create them directly in Visual Basic, C + +, etc. These applications have access to the API functions of the system, and through them to the COM ports. Therefore, there is no need to use the above described software connection module for connection of these applications to external systems. The external system is connected to the PC directly or via a HW module. HW module can connect to the client computer via COM port, USB or Bluetooth interfaces. The external system can also be connected via connector TCP / IP to RS232 module. Transmission speed between the computer and the HW module may be from 9600 through 115200 Bd.
Wireless Bluetooth connection allows implementing mobile external systems, such as robots, moving machinery etc. Thanks to the expansion of Bluetooth communication, it is possible to control HW external systems designed for learning support from mobile phones and applications that can communicate via Bluetooth with COM port and send and receive text strings.
It is possible to create special HW modules, which are an integral part of the external system. For an easy creation of external systems, several types of universal HW connection modules have been developed. They can easily be used by users to create their own external systems. Modules can be purchased build or as a kit that can be compiled.
At this moment, there are several basic versions of the modules that allow using ten digital I / O and one input. It is possible to use a PWM generator with a period of 1 to 200 kHz and maximal resolution 5-10 bits. They allow connection of circuits communicating over the SSI (for example 10 bits A / D converters with a conversion time of 30 μs, IO expanders -16 inputs and 16 outputs etc.). It is also possible to use sixteen bit counter / timer with a maximal input frequency up to 1 MHz.
There is a module available that allows controlling a simple robot, which a user can easily make. He can control its speed, direction and travelled distance or synchronize revolutions. This can be used with five digital I / O. Up to 4 modellers servos can be connected to the module and controlled. The module can also be easily used to control created models (if we are to use for example board relay or optocoupler outputs for the connection). These external systems can be easily realized in non-professional conditions. They can also be used in teaching to motivate students.
In this field, a research has been conducted in the thesis written by Mgr. Martin Ku era and other theses are being worked on.
Using the A / D converters, PWM output and counter / timer, cheap and accurate measuring instruments can be created. The module can be used at primary schools or in technical fields for electrical measurements.
HW module can also be used for teaching programming and robot controlling at primary and secondary schools.
Data transfer from Flash applications to HW module can run every 10 ms (if the animation playback speed for Flash application is set to 100 fps).
Flash application can also be used to create a user friendly environment for managing external system. It may be a remote-controlled car with a wireless USB camera.
HW modules are developed on the basis of one-chip microcontrollers. The application can read / write from / to registers of microcontroller data, which can directly affect its activity, configure its circuits etc. Another module is prepared that allows to load the instructions to memory of the microcontroller from the application. The microcontroller programme can then implement the required activities at full speed, which corresponds to tens of millions of instructions per second.
These possibilities have been designed for teaching programming of one-chip microcontrollers and creation of systems controlled by these microcontrollers.
It is not feasible to describe all the possibilities of using even the simple module in this paper. I hope, however, that this brief description outlined some of its application. Yet, there is no problem to use it to implement external systems by ourselves. Using the module and creating simple applications can be managed by a student or anyone with knowledge comparable to the knowledge of graduate from an electro-technical school. The applications ready to be used and taught, including installation and commissioning of HW module, can be managed without the problem by regular teacher of physics or technical education.
Higher versions of HW modules can be used not only at vocational schools, but also at technical universities. Students learn to use the dynamic study supports with connected external systems, program and construct various converters, robotic systems, communication with other systems, sensors, principles and use of different buses etc.
The external systems can bring very interesting possibilities to teaching programming by creating games [5] . In this area, it could be a future connection to teaching programming in different programming languages. Thanks to possibilities of communication over the Internet, a sort of cross-platform virtual world can be created where programming would become a real adventure. It would be possible for students to develop complex skills, including communication skills, which is the light of the current needs and possibilities.
IV. EXTERNAL SYSTEMS CONNECTED WITH DYNAMIC STUDY SUPPORTS FROM THE USER'S POINT OF VIEW
From the information mentioned above, it may appear that the creation and use of external systems can be very complicated and difficult for common users, but it is not true. For this reason, I will provide some examples of use.
The easiest way is to connect and control a robot and a car from the Flash animation. The user creates a Flash animation, into which he imports the required class. These classes can connect to SW connection module and through it they control HW module.
For these applications, we use a simple HW module that is configured for 10 digital Inputs / Outputs and one digital input.
Purchased model (robot Spykee or a car) has got a remote control provided with the switch. We open the remote control and bring the wires out through the switches. We parallelry connect a relay to each switch, Bringing switches out from the remote controllers is also easy and manageable by a common user.
As can be seen from the figure, it is not difficult to create circuits that can switch switches of remote controllers of models or other power systems or low voltage (230 V 50 Hz) from the HW module. If, however, is necessary to switch this voltage that is extremely dangerous, the structure has to be invented by licensed electrician.
The simplest HW module has 10 configurable inputs / outputs. The user can choose which one will be the input and which one the output. Outputs can be set to 1 or 0 each individually, or all outputs simultaneously. HW module can also read the state of the inputs. In the case of outlets, which are configured as outputs, the read value is 0.
The module can be switched to a mode where every 10 ms inputs are scanned. If there is a change to one of the inputs, the module automatically sends the new state of the inputs to the application.
Methods of classes that are created for direct control of this module are following: CONCLUSION Dynamic study supports, external systems and their interconnection possibilities cannot be described in detail in a few pages. This paper has just outlined their basic ideas and possibilities. It should raise the interest in this subject and open a number of questions. We are at the beginning of the journey. At this moment, it is difficult to estimate the possibilities of these study supports. However, existing research results confirm their positive contribution.
